This is an analysis of certain aspects of using the CLEAN algorithm for
Introduction
The most effective way of studying the structure of astronomical objects is to made spectral observations over a long period with high time resolution. In the course of the observations, the integrated flux ( ) λ , t F from the object under study is measured over time intervals ( T t t ∆ + , ) within a wavelength interval ( λ ∆ + λ λ , ). Because of random errors in the measurements, the observed flux is a two dimensional random function. the specific values of i t and j λ are determined by the stellar magnitude of the object, the conditions under which it is being observed, and the properties of the detectors (spectrographs and CCD detectors). Because of the finite duration of the time interval t ∆ for each observation (exposure), the choice of the i t , which we shall take to be the midpoint of the exposure interval, is of some importance.
Original This paper examines the question of how accurately the characteristics of the harmonic components of the variations in line profiles can be determined, under the assumption that these components are actually present in a series that is being studied. In the second section we state the problem in a more precise form. Section 3 is a preliminary analysis of model time series which contain harmonic components with periods longer than the length of a time series or of the segments of that time series. Model short series and series with long gaps are analyzed by constructing reliability plots [3] in Section 4. In Section 5 the proposed method is used for analyzing some observations of the triple system δOri A made with the BTA telescope in 2004. The conclusions of this paper are summarized in a final section.
Statement of the problem
We assume that a series of measurements have yielded values ( ) j i t F λ , of the fluxes from the observed object, with i = 1,...,m where m is the number of observations made and j = 1,...,n where n is the number of wavelengths j λ within the profile of the line being studied. In order to search for harmonic components of the variation of the line profiles let us construct a set of centered time series ( ) ( ) ( )
is the average flux at wavelength j λ over the entire time of the observations. For the CCD matrices customarily used in flux measurements, we can assume that the time series ( )
We assume that the function ( ) j t G λ , can be represented as a combination of harmonic components and white noise:
where A k , k ν , and k ϕ are, respectively, the amplitudes, frequencies, and phases of the harmonic components (which depend on the chosen value of j λ ), L is the number of harmonics, N is a normally distributed random quantity with zero mathematical expectation and unit dispersion, and N σ is the standard deviation of the white noise. Let
with k = 1, ..., L, be the maximum amplitude of the harmonic components.
We introduce the quantity
, where
is a characteristic of the degree to which the noise component contributes to the signal being studied. 1 >> U corresponds to the case of a small contribution from the white noise.
Two problems can be formulated. The first is to identify the harmonic components at a given level of significance q << 1 for the hypothesis of a strong peak in the noise component in the real series of observations. The second is the same as the first, but for model time series on a time grid determined by the real series with model harmonic components and with parameters for the harmonic components obtained by solving the first problem. In this case the solution of the model problem should confirm the reliability of the isolation of harmonic components from the real series at a given level of significance. This method has been described in more detail elsewhere [3] . In this paper we restrict ourselves to the case where a single harmonic component is present in model time series (L = 1).
For the harmonic analysis we shall use the CLEAN Fourier-analysis algorithm for N = 40, 80, 160, and 320 points in the time series (smooth curve) and the noise level corresponding to a significance level q = 10 -7 for the hypothesis that a strong white-noise peak is present in the periodogram (dotted line). The overall durations T of the segments of the time series are indicated in each frame. The arrows denote the exact value of the frequency of the model series. 
Reliability function for time series
We now describe the method for constructing reliability plots for determination of the harmonic parameters of time series following our earlier paper [3] .
Suppose that applying the CLEAN algorithm to the time series being analyzed has yielded components with We now choose an accuracy criterion for a determination of a given parameter that reduces to establishing the maximum possible deviation between the exact and determined value of each of the parameters for the process being analyzed. This is, it is assumed that if the errors in determining the parameters * ν , * A , and * ϕ of the found harmonic component do not exceed the chosen maximum deviations, then this component is present in the process being analyzed. If, on the other hand, the error in determining even one of the parameters exceeds the maximum permissible, then it is assumed that this harmonic component cannot be recovered on this time grid with a sufficient degree of accuracy.
We define three criteria for the accuracy of determining the parameters of a time series:
Criterion A: d , and phase ϕ in radians. Criteria A and B make it possible to judge the frequency, amplitude, and phase of the unknown periodic process with a fairly high degree of reliability, while criterion C only says that a periodic process is present in a given time series, but that a reliable determination of the characteristics of this process requires further analysis and, possibly, a larger number of points in the series to be analyzed.
Using these criteria for determining the accuracy with which the parameters ν , 0 A , and ϕ are determined, we introduce the reliability function ( )
The values of the reliability function ( ) 
Search for regular components of the variations in line profiles in the spectrum of the star δ δ δ δ δOri A
We made spectral observations of the triple system δ Ori A as part of a program to search for rapidly varying line profiles in the spectra of stars in the early spectral classes [5] on the night of January 10-11, 2004 on the 6-m telescope at the Special Astrophysical Observatory. The NES quartz echelle spectrograph, fixed-mounted in the Naismith focus with a 2048×2048 pixel CCD detector (Uppsala CCD), was used. The characteristics of the measurements and the parameters of the star are described elsewhere [4] .
Over the entire observation time of The signal/noise ratio in a single pixel was 500 for the blue region of the spectrum (4500Å) and 800 for the red (6000Å). The CCD images of the echelle spectra were initially reduced using MIDAS. To study the variability in the line profiles, the processed spectra were normalized to the continuum constructed in each echelle order. Difference profiles reliability with which the harmonic component was resolved using the reliability function method described in Section 4. For greater reliability of the analysis, we concentrate on analyzing the variations in the Hβ line profiles, since these variations were greatest for that line.
As to remove false peaks from the Fourier spectrum. It is usually assumed that the accuracy with which a frequency of the harmonic component is determined is
, which is greater than ν itself. At the same time, our analysis given above shows that when a harmonic component with frequency Proceeding from our study of the possibility of determining the parameters of a harmonic component of the variation in line profiles for N = 40 (Fig. 4) , it is obvious that these parameters can be found only within narrow ranges of phase for the harmonic component (and the related ranges of Doppler shifts).
The absence in the Fourier spectrum of maxima associated with a harmonic component with a period of Variations in the profiles with a phase of the harmonic component that changes continuously along the profile are typical for the variability of profiles associated with nonradial photospheric pulsations of the star [14] . We have previously [4] found that the variability of line profiles in the spectrum of δ Ori A is associated with a quadrupole (l = 2) mode based on a wavelet spectrum analysis of variations in line profiles in the spectrum of this star. The present studies provide additional evidence for this proposition.
In order to confirm the reality of the period found here, as well as the nature of the observed variations in the line profiles suggested by the authors, it is proposed that spectra of δ Ori A be taken over 2-3 nights, which would encompass 4-6 cycles of the nonradial pulsations.
Conclusion
The following conclusions follow from this study of the features of Fourier analysis with the CLEAN algorithm 
